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Abstract. We present an investigation of the X-ray prop-
erties of 13 LINERs based on ROSAT all-sky survey and
pointed PSPC and HRI observations. Several sources are
studied for the first time in X-rays. The X-ray spectra
are best described by a powerlaw with photon index Γx
≈ –2.0 or thermal emission from gas with very subsolar
abundances. The luminosities range between logLx = 37.7
(NGC404) and 40.8 (NGC 4450). No X-ray variability on
the timescale of hours/days is detected. This is in line with
the suggestion that LINERs may accrete in the advection-
dominated mode. On a longer term, one of the objects,
NGC2768, turns out to be slightly variable. Some sources
appear to be extended at weak emission levels whereas the
bulk of the X-ray emission is consistent with arising from
a point source within the PSPC instrumental resolution.
Lx/LB ratios are derived and emission mechanisms that
potentially contribute to the observed X-ray luminosities
are discussed.
We also examine the presence of second X-ray sources
near the target sources both in terms of instrumental ef-
fects and in terms of ‘real’ sources within the LINER
galaxies.
Key words: Galaxies: active – Galaxies: fundamental
parameters – Galaxies: ISM – Galaxies: nuclei – X-rays:
galaxies
1. Introduction
Low-ionization nuclear emission line regions, LINERs,
are characterized by their optical emission line spectrum
which shows a lower degree of ionization than Seyfert
galaxies (e.g., Heckman et al. 1980). Their major power
source and line excitation mechanism has been a sub-
ject of lively debate ever since their discovery (for reviews
see, e.g., Filippenko 1989, 1993, Ho 1998). LINERs man-
ifest the most common type of activity in the local uni-
verse. If powered by accretion, they probably represent the
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low-luminosity end of the quasar phenomenon and their
presence has relevance to, e.g., the evolution of quasars,
the faint end of the AGN luminosity function, and the
presence of supermassive black holes (SMBHs) in nearby
galaxies. A detailed study of the LINER phenomenon is
thus very important.
Many different mechanisms that might account for
their optical emission line spectra have been examined, in-
cluding collisional ionization and excitation (Burbidge &
Burbidge 1962), shock heating (e.g., Fosbury et al. 1978,
Heckman 1980, Dopita et al. 1996, Contini 1997), pho-
toionization by hot stars (e.g., Shields 1992, Ho et al.
1993), photoionization by a non-stellar continuum source
(e.g., Ferland & Netzer 1983, Halpern & Steiner 1983, Bi-
nette 1984,1985,1986, Ho et al. 1993), and photoioniza-
tion by an absorption-diluted AGN continuum (Halpern
& Steiner 1983, Schulz & Fritsch 1994). Despite this de-
tailed shock and photoionization modelling the nature of
the main ionizing source of LINERs remained elusive, al-
though there is now growing evidence that they are ac-
cretion powered (e.g., Falcke et al. 1997, Falcke 1998, Ho
1998). Eracleous et al. (1995), in an effort to explain the
UV bright centers detected in some but not all LINERs,
suggested a duty cycle model where central activity in
LINERs is governed by occasional tidal disruptions of
stars by central black holes. In an alternative approach,
Barth et al. (1998) suggested that dust extinction could
cause the UV darkness of some LINERs.
X-rays are a powerful tool to investigate the presence
of an AGN via X-ray variability, luminosity, and extent,
and to explore the physical properties of LINERs in gen-
eral. Nevertheless, not many LINERs have been examined
in X-rays, particularly not larger samples in an homo-
geneous way. The largest previous one we are aware of
was presented by Ptak et al. (1999, see also Serlemitsos
et al. 1997) and consisted of several low-luminosity AGN
(LLAGN) including 5 LINERs observed with ASCA. They
find that the ASCA spectra are best described by a two-
component model consisting of soft thermal emission and
a powerlaw with photon index Γx ≈ −1.7, with varying
relative contributions of the two spectral components from
object to object. Several studies of individual objects (e.g.,
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Mushotzky 1982, Koratkar et al. 1995, Ehle et al. 1995,
Cui et al. 1997, Terashima et al. 1998, Pietsch et al. 1998,
Roberts et al. 1999) revealed results consistent with the
above spectral results. A fairly complex X-ray spectrum
was recently reported for the LINER NGC1052 (Weaver
et al. 1999). Concerning the spatial extent of the X-ray
emission, Koratkar et al. (1995; K95 hereafter) found their
two LINERs to be consistent with a point source within
the limits of the ROSAT HRI resolution. X-ray luminosi-
ties range up to ∼ 1041 erg s−1 (e.g., Ptak et al. 1999,
Stockdale et al. 1998, K95; see Halpern & Steiner 1983
for a collection of Einstein luminosities) and are presently
biased towards the X-ray brightest objects.
Given the importance to better understand the LINER
phenomenon and activity in nearby galaxies in general,
with its potential bearing on the evolution of SMBHs in
galaxies, the contribution to the faint end of the AGN
luminosity function, and the soft X-ray background; and
given the still limited number of objects previously studied
in the X-ray spectral region, we examined a sample of 13
LINERs with the ROSAT (Tru¨mper 1983) instruments
(Pfeffermann et al. 1987). We report here the results of an
investigation of the spectral, spatial, and temporal X-ray
properties of these galaxies.
Our sample consists of spiral galaxies and lenticulars.
The primary selection was according to the list of Huchra
& Burg (1992, with most LINERs identified in Heckman
1980, Staufer 1982, and Keel 1983) and Huchra (1998,
priv. com.). We then excluded LINERs that were, on the
basis of emission lines, re-classified as Seyferts or listed to
contain a Seyfert-component as well according to the NED
database. This resulted in 13 remaining LINERs. Results
for a larger sample of LLAGN, including the objects with
composite spectra and Seyfert 2 galaxies will be reported
elsewhere. For the selected sources we analyzed ROSAT
all-sky survey data. In addition, 8 of the galaxies were
targets of, or serendipituously located in the field of view
of, PSPC and/or HRI observations. All except one are
detected, and for 5 of them a PSPC spectral analysis was
possible. The brightest source turned out to be NGC4450
which is studied in most detail below.
The paper is organized as follows: The data reduc-
tion is described in Sect. 2. In the next two Sections we
present the general assumptions on which the data analy-
sis is based (Sect. 3) and results for the individual objects
(Sect. 4), including a discussion of (the reality of) further
X-ray sources close to the target sources. The discussion
(Sect. 5) is followed by the concluding summary in Sect.
6.
2. Data reduction
We used ROSAT all-sky survey (RASS) data as well as
archival and serendipituous pointed observations of the
galaxies. The observations are summarized in Table 1.
For further analysis of the pointed PSPC and HRI data
the source photons were extracted within a circular cell
centered on the target source. The background was de-
termined in a source-free region around the target source
and subtracted. The data were corrected for vignetting
and dead-time, using the EXSAS software package (Zim-
mermann et al. 1994).
To carry out the spectral analysis source photons in
the amplitude channels 11-240 were binned according to
a constant signal/noise ratio of > 4σ.
Lightcurves were created with a binning of 800 sec to
account for the wobble mode of the satellite.
3. Data analysis: General considerations and
assumptions
The following models were fit to the X-ray spectra of
all objects: (i) a powerlaw of the form Φ ∝ EΓx , and
(ii) emission from a Raymond-Smith (1977; RS hereafter)
plasma, abundances fixed to either the solar value (An-
ders & Grevesse 1989) or below, up to 1/100 × solar. The
amount of cold absorption was constrained not to under-
predict the Galactic value (Dickey & Lockman 1990) along
the line-of-sight.
If several PSPC observations were available, we used
the one with the deepest exposure time (for the present
sample, this also always happened to correspond to the
pointing were the source was on-axis, if an on-axis pointing
existed at all.)
To calculate X-ray fluxes and luminosities, we pro-
ceeded as follows: For sources bright enough to allow
spectral fits we integrated over the SED in the (0.1-2.4
keV) band after correcting for cold absorption. For RASS
sources too weak to perform spectral fits, and for HRI
sources we assumed a powerlaw spectrum with Γx =–1.9
and absorption of the Galactic value. Distances were cal-
culated using a Hubble constant of H0=75 km/s/Mpc for
the distant (v > 3000 km/s) objects. For those nearby
or even with blueshift we used Tully’s (1988) catalog of
nearby galaxies (if not stated otherwise) which is based
on the virgocentric model of Tully & Shaya (1984). To
check for the influence of the assumed distances, which
can be important given that all galaxies are very nearby,
we re-calculated all luminosities based on distances ob-
tained with the flow field model of Mould et al. (2000;
ApJ, in prep.). We find that our conclusions are unaltered
and that luminosities of individual objects are changed by
a factor ∼< 2. If not stated otherwise, X-ray luminosities
given below refer to the energy interval (0.1–2.4) keV.
Some of the RASS sources were not significantly de-
tected. Namely, formally only 1, 3, 0, 5, 1, 2 source pho-
tons above the background were registered in the (0.5–2)
keV band for NGC404, NGC1167, NGC4419, NGC5675,
NGC5851, and IC 1481, respectively. In this case we con-
servatively assumed that <10 source photons would have
escaped detection and the upper limits for countrates and
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Table 1. Log of observations. texp gives the exposure time. If ‘surv’ is listed in the column ‘instrument’ this refers to
RASS data taken with the PSPC. RASS observations were performed during Aug. 1990 – Jan. 1991.
galaxy date instrument texp CR
(1)
sec cts/s
NGC404 surv 473 <0.02
04/01/97 HRI 23874 0.0011 ±0.0003
NGC1167 surv 477 <0.02
27-28/1/92 PSPC 7315 <0.005
NGC2768 surv 341 0.038 ±0.014
11-13/10/93 PSPC 4766 0.021 ±0.002
01/05/94 PSPC 2898 0.013 ±0.003
NGC3642 surv 540 0.023 ±0.011
10-11/5/93 PSPC 6178 0.018 ±0.003
21/10/93 PSPC 7804 0.016 ±0.002
NGC3898 surv 456 0.016 ±0.011
19/11/91 PSPC 4916 0.012 ±0.003
NGC4036 surv 415 0.013 ±0.010
NGC4419 surv 73 < 0.14
NGC4450 surv 266 0.039 ±0.018
04-12/6/92 PSPC 6170 0.101 ±0.004
17/12/92 PSPC 5145 0.091 ±0.004
NGC5371 surv 682 0.026 ±0.010
23/06/ -01/07/93 PSPC 14960 0.038 ±0.002
NGC5675 surv 623 <0.016
NGC5851 surv 123 <0.08
NGC6500 surv 262 <0.04
17-20/3/93 HRI 5953 0.0025 ±0.0008
IC 1481 surv 410 <0.02
(1)countrate in the observed (0.1-2.4) keV band (note the different sensitivity of the PSPC and HRI detector, which results in
a countrate conversion of a factor of several from one instrument to the other, depending on the spectral shape).
luminosities listed in Tables 1, 2 were calculated corre-
spondingly.
To derive blue luminosities, we used the observed blue
magnitudes of de Vaucouleur et al. (1991; see also Huchra
& Burg 1992). To carry out the extinction correction we
adopted the same amount of Galactic absorption (Dickey
& Lockman 1990) as we did in the X-ray analysis, as-
sumed a standard gas/dust ratio, and utilized the relation
of Bohlin et al. (1978; see also Predehl & Schmitt 1995).
4. Notes on individual objects
Below, we first give a brief summary of what is known
for the individual galaxies (only the detected ones plus
NGC1167) from the literature and then describe the re-
sults from our X-ray temporal, spectral and spatial anal-
ysis of the individual objects.
A detailed literature search revealed that some of the
present galaxies were already very briefly discussed in
other/previous samples with different aims. Given the in-
homogeneity of the assumptions made and models fit (for
details see below), we extent here the spectral analysis
of these objects and also perform a spatial and temporal
analysis.
4.1. NGC404
NGC404 is blueshifted (Stromberg 1925). Baars & Wend-
ker (1976) noted its peculiar radio properties. Optical
spectroscopy was performed by, e.g., Burbidge & Burbidge
(1965), Keel (1983), and Filippenko & Sargent (1985)
and revealed very narrow emission lines; for an image see
Sandage (1961). Larkin et al. (1998) obtained NIR spectra
and reported the detection of strong [FeII] emission in this
and several further LINERs (but not in all of their sample)
and suggested X-ray heating to be at work. A molecular
gas ring was observed by Wiklind & Henkel (1990). The
detection of a UV core with HST was presented by Maoz
et al. (1995). Based on the analysis of UV spectra, Maoz et
al. (1998) explained the data by the presence of a central
star cluster.
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Fig. 1. X-ray spectra and fit residuals for the four brightest PSPC-observed sources. The upper panel gives the
observed X-ray spectrum of each galaxy (crosses) and the model fit (solid line). The lower panel shows the fit residuals.
NGC2768: RS fit with abundances of 0.1 solar; NGC3642: RS fit with abundances of 0.05 solar; NGC 4450: pl fit;
NGC5371: pl fit (see Table 2 for details).
A deep HRI observation of NGC404 is available. The
source is detected (∼25 source photons) but too weak to
allow a more detailed temporal or spatial analysis. As-
suming a powerlaw spectral shape as described above we
derive a (0.1-2.4 keV) luminosity of Lx = 10
37.7 erg s−1,
the lowest Lx among the present objects, and among the
lowest so far detected for a LINER. The X-ray emission
of NGC404 is consistent with originating completely from
discrete stellar sources given the galaxy’s blue luminosity.
Using the relation between Lx and LB of Canizares et al.
(1987), we predict L0.5−4.5keVx = 10
38.25 erg s−1 in the
(0.5–4.5 keV) band which compares to the observed value
of 1037.6 erg s−1, which is below the expectation but con-
sistent within the scatter. (The intrinsic X-ray luminosity
could be boosted if there is some excess absorption or the
spectral shape is different from the assumed one.) It is in-
teresting to note that Wiklind & Henkel (1990) argue for a
much larger distance of NGC 404 than derived from, e.g.,
the Tully catalog (1988): they suggest 10 Mpc instead of
2.4 Mpc which would correspondingly increase the values
of both Lx and LB.
4.2. NGC1167
The galaxy is a well-known radio source (4C+34.09) and
has been intensively studied at radio wavelengths (e.g.,
Long et al. 1966, Condon & Dressel 1978, Bridle & Fo-
malont 1978, Sanghera et al. 1995). Optical spectra were
presented by, e.g., Wills (1967), Wills & Wills (1976), and
Gelderman & Whittle (1994). Despite earlier suspicions,
Ho et al. (1997; H97 hereafter) did not detect a broad com-
ponent in Hα. An upper limit for the X-ray luminosity
derived from Einstein observations, L0.5−3.5keVx < 5 10
41
erg s−1, was reported by Dressel & Wilson (1985; see also
Canizares et al. 1987, Fabbiano et al. 1992).
The source is undetected in the PSPC pointing, which
might be partly traced back to the large NH value in its
direction, Ngal = 13.3 10
20 cm−2. We estimate an upper
limit for the countrate of 0.005 cts/s, from the conservative
assumption of a countrate less than that of the weakest
detected source in the field of view at similar off-axis angle.
4.3. NGC2768
No broad Hα component was detected by H97. Weak CO
emission was found by Wiklind et al. (1995). The source is
included in a sample of galaxies by Davis & White (1996)
who fit a Raymond-Smith model and find kT ≈ 3 keV for
metal abundances 0.2 × solar, and absorption of NH =
1.9 1020 cm−2, less than the Galactic value.
The source seems to be slightly variable from the first
to the second pointing with a drop in countrate from
0.021±0.002 cts s−1 to 0.013±0.003 cts s−1. The short-
term light curve (first pointing) shows constant source
flux.
Spectral fits were performed for the deeper PSPC ob-
servation only. Neither a single powerlaw with NH = Ngal
nor emission from a Raymond-Smith plasma with solar
abundances provides a successful X-ray spectral fit. The
fit becomes acceptable for very subsolar abundances. In
that case we find a lower temperature than Davis & White
(1996) (and cold absorption consistent with the Galactic
value, which should not be underpredicted). This T also
is more consistent with the kT − σ relation of Davis &
White.
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Fig. 2. Contour plots for the X-ray emission of the three brightest on-axis PSPC sources overlaid on optical images from
the digitized POSS. NGC2768: contours are shown for 0.8, 1.1, 1.4, 2.1, 2.5, 3.1σ above the background; NGC3642:
contours are 1.2, 1.8, 2.5, 3.9, 4.7, 5.8, 7.4σ; NGC 4450: contours are 1.2, 1.5, 1.9, 2.8, 4.3, 8.2, 15.9, 31σ above the
background.
Fig. 3. Azimuthally averaged radial profiles of the X-ray emission from the three brightest on-axis PSPC sources
compared to the PSPC’s point spread function for a point source (solid line: at 1 keV, dotted line: at 0.5 keV). The
bulk of the X-ray emission is consistent with arising from a point source.
A comparison of the source’s spatial extent with the
theoretical point spread function (PSF) of a point source
shows that most of the X-ray emission is consistent with
arising from a point source (Fig. 3). There may be some
extended emission at weak levels (Fig. 2). A nearby weak
second source is detected with a countrate of 0.003±0.001
cts/s. It coincides with a stellar objects on a POSS plate.
4.4. NGC3642
Some X-ray properties of this LINER were earlier exam-
ined by K95 who fit a powerlaw model to the ROSAT
PSPC spectrum and found the HRI source extent to be
consistent with a point source. A broad component in
Hα is present (e.g., K95). Barth et al. (1998) reported
the detection of a compact nuclear UV source based on
HST data, and conclude that the extrapolation of the UV
continuum, assuming an AGN-like shape, would provide
enough ionizing photons to power the NLR emission of
this galaxy.
We neither detect short-time variability nor variabil-
ity between the two PSPC observations separated by 5
months.
The spectrum is best fit by a Raymond-Smith model
of heavily depleted abundances, around 0.03 × solar (or,
alternatively, by a powerlaw model with some excess ab-
sorption, confirming K95).
A comparison with the PSF of the PSPC shows that
most of the X-ray emission arises from an unresolved
source (Fig. 3). There is a second source nearby with a
countrate of 0.0025 ±0.0007 cts/s. Its position falls close
to two star-like knots projected onto (or in) one of the spi-
ral arms of NGC 3642 (they could be HII regions or fore-
ground stars). If the X-ray source is intrinsic to NGC3642,
its luminosity of Lx = 1.8 10
39 erg s−1 assuming a pow-
erlaw spectral shape as described in Sect. 3 is fairly high.
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For instance, its exceeds the Eddington luminosity of a
solar mass black hole by a factor ∼10. One possible inter-
pretation is a powerful X-ray binary with either a super-
eddington low-mass black hole or a massive black hole. We
note in passing that no optical supernova was detected in
NGC3642.
4.5. NGC3898
There have been several studies of this galaxy in the opti-
cal (e.g., Burbidge & Burbidge 1965, Barbon et al. 1978,
Mizuno & Hamajima 1986, and references given in van
Driel & van Woerden 1994). H97 tentatively concluded
that broad Hα is absent from the optical spectrum. 21 cm
HI observations with the WRST were presented by van
Driel & van Woerden (1994).
The source is quite weak with only about 50 detected
photons, very close to the limits of meaningful χ2 spectral
fits. Therefore, we only applied a powerlaw model with
fixed Galactic absorption. This results in Γx =–2.1 and
gives an acceptable fit.
4.6. NGC4450
A fairly weak broad Hα line is probably present in the
optical spectrum (Staufer 1982, H97). For an optical im-
age see, e.g., Sandage (1961). The HII region popula-
tion of the galaxy was studied by Gonzalez Delgado et
al. (1997). An Einstein IPC image is shown in Fabbiano
et al. (1992). They derive an (0.2-4 keV) X-ray flux
fx = 11.5 10
−13 erg cm−2 s−1 under the assumption of
a thermal bremsstrahlung spectrum with kT=5keV.
Again, we do not detect short-timescale variability.
The source is quite bright and nearly 2000 photons
are available for the spectral analysis (we used the deep-
est pointing). No Raymond-Smith fit is possible. When al-
lowing NH to be free, it underpredicts the Galactic value.
If subsolar abundances are allowed, the best fit requires
abundances less than 1/100 solar and that fit is still un-
satisfactory. In contrast, a single powerlaw with Γx =
–2.0 near the AGN-canonical value (e.g., Pounds et al.
1994; Svensson et al. 1994) gives an excellent fit. If NH
is treated as free parameter, the Galactic value is recov-
ered. We derive a soft X-ray luminosity of Lx = 10
40.8
erg s−1, the highest value found among the present galax-
ies. The corresponding (0.5-4.5 keV) X-ray luminosity is
L0.5−4.5keVx = 10
40.6 erg s−1, a factor ∼5 above the value
expected from the stellar contribution using the relation
of Canizares et al. (1987). We note that Tully’s catalog
places NGC 4450 at the distance of the Virgo cluster. If
the galaxy is instead located in the sheet of galaxies behind
the Virgo cluster, the luminosities inferred above increase
correspondingly.
A comparison with the PSF of the PSPC shows that
most of the X-ray emission is consistent with arising from
a point source. At weak emission levels there is evidence
for source extent (Fig. 3; several of the structures are seen
in both, the soft (0.1-0.5 keV) and hard (0.5-2.4 keV)
band). Again, there is a nearby second source. Its coun-
trate is 0.011±0.002 cts/s and since the pointing is deep, a
spectral analysis is possible. A powerlaw spectral fit gives
a spectrum similar to NGC4450 itself, but a bit softer
with Γx =–2.4. At the distance of NGC4450 this corre-
sponds to a luminosity of Lx = 7 10
39 erg s−1. The source
is also present in the second PSPC pointing of slightly
lower exposure time (Table 1). Its countrate is constant.
Inspection of the POSS plates does not reveal any opti-
cal counterpart. Neither is there any X-ray source visible
in the Einstein IPC image (see Fig. 7 of Fabbiano et al.
1992). The ‘reality’ of these nearby sources is examined in
Section 4.9.
4.7. NGC5371
The galaxy was classified as a LINER by Rush et al.
(1993). Elfhag et al. (1996) presented CO measurements
and suggested NGC5371 to be a good candidate for a
post-starburst galaxy (Koorneef 1993). The rotation curve
was measured by, e.g., Zasov & Sil’chenko (1987). Gonza-
lez Delgado et al. (1997) studied the HII region popula-
tion.
The X-ray lightcurve does not show short-timescale
variability (the countrate in individual bins falls slightly
outside the 1σ error, occasionally, but this is most likely
due to the closeness of the source to the PSPC support
grid structure).
The source appears to be extended or double. Thus,
photons from the total emission region were first extracted
for analysis. A spectrum was fit to this ‘double’ source
(since their contributions cannot be disentangled from
each other safely; it is these results that are listed in
Table 2). In that case, a powerlaw of index Γx ≃ −1.6
yields a successful X-ray spectral fit. The cold absorption,
if treated as free parameter, underpredicts the Galactic
value, and even more so if a RS model is applied. The
latter type of model only provides an acceptable fit if the
metal abundances are depleted below 0.01 × solar.
Secondly, since the optical position of NGC 5371 falls
on the northernmost of the two sources, source photons
centered on the optical position of the galaxy were ex-
tracted within a circular region of diameter 250′′. In this
case, the X-ray spectrum is dominated by the northern-
most source, but the second one contributes to some ex-
tent. The spectral analysis then yields a best fit in terms
of a powerlaw with Γx ≃ −1.96 (χ
2
red=0.5), and NH recov-
ers the Galactic value if treated as free parameter. Again,
RS emission can only successfully describe the spectrum
for heavily depleted abundances.
The source appears double, or extended. No HRI ob-
servation is available for a more detailed study of the spa-
tial extent.
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Table 2. Results of spectral fits; first columns: powerlaw with NH = Ngal (for results with NH as free parameter see
text), last columns Raymond-Smith model. Fluxes (absorption corrected) and luminosities refer to the (0.1-2.4 keV)
energy band. For the sources that did not allow a PSPC spectral analysis, we assumed a powerlaw of photon index Γx
=–1.9 plus an amount of cold absorption corresponding to the Galactic value in direction of the individual galaxies
(Dickey & Lockman 1990) to calculate fluxes and luminosities (if RASS and pointed observations were available, we
used the observation with the longest exposure time to derive f and L). For some of the sources only observed during
the RASS, only upper limits on count rates are available. The errors in Γx and kT, given for successful spectral fits
only, are quoted at the 68.3% confidence level. Metal abundances reported in the last but one column were fixed.
object Ngal Γx fpl logLpl χ
2
red kTrs Z χ
2
red
1021 cm−2 10−12 erg cm−2 s−1 erg s−1 keV sol
NGC404 0.509 –1.91 0.07 37.7
NGC1167 1.33 –1.91 <0.18 <40.95
NGC2768 0.383 –2.2±0.3 0.58 40.6 3.1 3.7 1.0 5.3
0.5±0.1 0.1 0.8
NGC3642 0.073 –1.8±0.2 0.18 40.2 1.4 5.5 1.0 3.6
1.1±0.3 0.1 1.5
0.7±0.3 0.05 0.8
NGC3898 0.106 –2.1±0.5 0.29 40.2 0.8
NGC4036 0.192 –1.91 0.20 40.2
NGC4419 0.255 –1.91 <2.43 <40.9
NGC4450 0.245 –2.0±0.1 1.89 40.8 1.1 3.6 1.0 10
1.4 0.1 3.9
NGC5371 0.110 –1.6±0.1 0.40 40.8 1.1 5.3 1.0 5.1
1.4 0.1 3.2
0.8±0.2 0.01 1.8
NGC5675 0.100 –1.91 <0.18 <40.8
NGC5851 0.258 –1.91 <1.40 <42.1
NGC6500 0.753 –1.91 0.19 40.6
IC 1481 0.566 –1.91 <0.49 <41.6
(1) fixed
4.8. NGC6500
There are several lines of evidence for the presence of a
nuclear outflow or wind as judged from radio continuum
emission measurements (Unger et al. 1989) and optical
emission lines (Gonzalez Delgado & Perez 1996). H97 did
not detect broad Hα. Barth et al. (1997) using HST data
concluded that the resolved UV emission of NGC6500 is
likely dominated by massive stars. They also derived a
ROSAT HRI flux for this galaxy, assuming a spectrum
with Γx =–2.
Although NGC6500 is detected in the HRI observa-
tion, the low number of source photons prevents a more
detailed analysis in terms of source extent or variability.
4.9. Origin of nearby sources
In PSPC observations of several galaxies (NGC 2768,
NGC3642, NGC4450) there is a second source detected
near the target source with a countrate always roughly
1/10 of the central source. The same was found for
NGC4736 by Cui et al. (1997) who considered the sec-
ond source to be real and of transient nature due to its
presence in the PSPC and absence in the HRI observa-
tion. Given the similar locations relative to the central
source, and same (factor ≈ 1/10) relative countrates, we
suspected these second sources to be an instrumental ar-
tifact, namely ghost imaging (Briel et al. 1994) to be at
work.
To more closely examine this problem we selected the
second source near NGC4450 since it is the brightest, thus
allowing the most detailed analysis, and since no poten-
tial optical counterpart shows up near the X-ray position.
We extracted the photons around the X-ray center of the
source and made several tests. However, we find no indica-
tions of ghost imaging: Source photons do not exclusively
cover the very soft channels (ghost imaging only operates
below ∼ 0.2 keV; Nousek & Lesser 1993, Briel et al. 1994),
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and the source is not fixed in detector coordinates but fol-
lows the wobble.
Using the X-ray logN − logS distribution of Hasinger
et al. (1994), we expect only 0.17 sources of X-ray flux
greater or equal to that of the source near NGC4450 in
a region of size 10′ × 10′. For a discussion of an excess
of bright X-ray sources around nearby galaxies see Arp
(1997, and references therein).
Unfortunately, no HRI observation of NGC 4450 is
available for further scrutiny. It will certainly be inter-
esting to check for the presence of the second source once
further high spatial resolution observations of NGC 4450
become available.
5. Discussion
5.1. X-ray luminosity and Lx/LB ratio
The objects examined span a luminosity range from Lx ≃
1037.7 − 1040.8 erg s−1 in the (0.1-2.4 keV) band. There
is still some bias towards selecting the high Lx LINERs.
This does not hold for the ROSAT survey data but given
the short exposure times of typically 400s upper limits,
although already meaningful, are not very restrictive con-
cerning the low-luminosity end.
None exceeds the limit of Lx ≈ 10
42 erg s−1 which
is usually taken as indicative for the presence of a ‘nor-
mal’ AGN (e.g., Wisotzki & Bade 1997). Also, none
reaches the high Lx usually observed for ellipticals in the
group/cluster environment (e.g., Brown & Bregman 1998,
Irwin & Sarazin 1998, Beuing et al. 1999) which occasion-
ally show LINER-like emission lines.
Most of the present objects fall in the intermediate
Lx/LB range (Fig. 4). Since the majority of LINERs are
found in bulge-dominated early-type galaxies (e.g., Ho
1998) the same emission mechanisms might contribute
to the observed X-ray luminosity. Among the suggestions
for early-type galaxies are accumulated stellar winds, SN
heating and cooling flows (see Pellegrini 1999 for a recent
overview).
The low LX/LB systems are dominated by discrete
sources, mainly LMXBs (e.g., Canizares et al. 1987, Ir-
win & Sarazin 1998, Irwin & Bregman 1999). Among the
present sample, this holds best for NGC 404.
Further clues on the emission mechanism can be drawn
from the observed spectral shapes.
5.2. X-ray spectral shapes
The LINERs analyzed here show some spectral variety.
Some of them are best described by a powerlaw model
of photon index similar to that observed in AGN (e.g.,
Schartel et al. 1996a,b, 1997), the others are best fit by
Raymond-Smith (RS) emission of a very sub-solar abun-
dances plasma (see Table 2).
We consider the RS model with heavily depleted gas-
phase metal abundances to be quite unrealistic, and as
Fig. 4. LINERs in the Lx − LB diagram. Filled symbols
denote detected sources of different morphological type
(circles: S0s, lozenges: SAs, triangles: SABs), arrows mark
upper limits. For comparison, the regions populated by
some samples of elliptical galaxies are marked (dotted line:
Brown & Bregman 1998, long-dashed: Beuing et al. 1999
(detections), short-dashed: Beuing et al. 1999 (upper lim-
its)). The X-ray emission from NGC404 (lower left) is
consistent with originating completely from discrete stel-
lar sources.
previously found for other galaxies (ellipticals, AGN; e.g.,
Matsushita et al. 1997, Buote & Fabian 1998, Komossa &
Schulz 1998) we prefer the alternative of a two-component
spectrum, consisting of contributions from both, a power-
law (or other hard component) and thermal RS emission of
≈solar abundances gas. Such models were not fit, though,
due to the quite low number of photons available per spec-
trum. Other possibilities (than the two-component solu-
tion) include a contribution from FeL emission, not yet
fully modeled (but see Buote & Fabian 1998 who excluded
the FeL region from fitting ASCA spectra of early type
galaxies, and still find similar results concerning abun-
dances), a multi-temperature distribution of the emitting
medium (e.g., Strickland & Stevens 1998) and the possi-
bility that the X-ray emitting gas is far out of collisional-
ionization equilibrium (e.g., Breitschwerdt & Schmutzler
1994, 1999, Komossa et al. 1999; see Bo¨hringer 1998 for a
recent review).
In case of the two-component interpretation – as in-
deed observed by ASCA with its broader X-ray energy
range for several early-type galaxies (e.g., Matsushita et
al. 1994, Matsumoto et al. 1997, Buote & Fabian 1998)
and some LINERs (e.g., Ptak et al. 1999) – the hard com-
ponent could be due to stellar sources, namely LMXBs, or
a low-luminosity AGN, the soft component due to emis-
sion from hot gas (see previous Section).
In the case of NGC6500 the X-ray emission might be
related to the outflow/wind for which optical and radio ev-
idence was reported (Unger et al. 1989, GonzalesDelgado
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& Perez 1996), in analogy to the X-ray emission associ-
ated with starburst-driven winds observed in several star-
burst galaxies (e.g., Heckman et al. 1990, Schulz et al.
1998). It is also interesting to note that in two further
cases, NGC4450 and NGC2768, the weak extended emis-
sion appears roughly perpendicular to the galaxy’s disk
and could result from an outflow.
We interpret the powerlaw spectral component, in
those cases where it dominates the spectrum, as arising
most likely from a low-luminosity active nucleus, since
the inferred luminosities are above those expected from
discrete stellar sources and the powerlaw indices derived
are in the range Γx ≃ −1.6 to −2.1 (Table 2) similiar to
what is observed for AGNs. However, we cannot exclude a
more complex situation where the superposition of several
different emission components mimics a single AGN-like
powerlaw.
For a detailed spatial and spectroscopic disentangle-
ment of the contributing components (thermal RS-like
emission, presumably extended, and a pointlike powerlaw-
like component) and a better determination of the metal
abundances high-spectral resolution observations with fu-
ture X-ray observatories like XMM, AXAF or Spectrum-
X-Gamma will be very useful.
5.3. X-ray variability
We do not find evidence for X-ray variability on the
timescale of hours/days. This also holds for the LINERs
examined by Ptak et al. (1998) and some further sources,
and is not in line with a continuation of the trend of higher
variability at lower luminosity seen in AGN. It is consis-
tent with the presence of advection-dominated accretion
disks (e.g., Abramowicz et al. 1988, Narayan & Yi 1994) in
LINERs as suggested by Ptak et al. (1998; see also Lasota
et al. 1996).
6. Summary and conclusions
We have investigated the soft X-ray properties of a number
of LINERs based on ROSAT survey and pointed PSPC
and HRI observations.
Luminosities range between logLx = 37.7 (NGC 404)
and 40.8 (NGC 4450). The ratios Lx/LB, when compared
to early-type galaxies, are located in the intermediate re-
gion and similar emission mechanisms may contribute to
the observed X-ray luminosities.
Whereas the bulk of the X-ray emission is consistent
with arising from a point source there is some extended
emission seen at weak emission levels in some sources.
Spectra are best described by either a powerlaw of pho-
ton index Γx ≈ −2 (NGC3898, NGC4450, NGC5371),
or a Raymond-Smith model with heavily depleted abun-
dances (NGC2768, NGC3642). Since the inferred metal
abundances are implausibly low we take this latter model
as indication of a more complex soft X-ray spectral shape/
emission mechanism (e.g., a powerlaw or other hard com-
ponent plus RS emission from gas with ≈solar abun-
dances; or plasma out of equilibrium). Some sources are
best described by a single AGN-like powerlaw with X-
ray luminosity above that expected from discrete stellar
sources. These spectra most likely indicate the presence of
low-luminosity AGNs in the centers of the LINER galax-
ies.
The absence of (short-timescale) variability is consis-
tent with the earlier suggestion that LINERs may ac-
crete in the advection-dominated mode. Only one source
(NGC 2768) seems to be slightly variable on a timescale
of months.
For several LINER galaxies nearby second X-ray
sources are discovered with countrates roughly one-tenth
those of the target sources. We cannot identify an obvious
detector effect. If at the distances of the galaxies, their
luminosities are on the order of several 1039 erg s−1.
Given the spectral variety of LINERs with contribu-
tions from several emission components, future studies of
both, spectra of individual objects as well as larger sam-
ples will certainly give further insight into the LINER phe-
nomenon which provides an important link between active
and ‘normal’ galaxies.
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